Tumor cells frequently overexpress heat shock protein 70 (Hsp70) and present it on their cell surface, where it can be recognized by pre-activated NK cells. In our retrospective study the expression of Hsp70 was determined in relation to tumorinfiltrating CD56
Introduction
The highly conserved, major stress-inducible Hsp70, also termed HSPA1A, is found in nearly all cellular and subcellular compartments of nucleated cells. 1 Hsp70 fulfills a variety of chaperoning functions, such as maintenance of cellular homeostasis 2, 3 by assisting folding, maturation and transport of unfolded proteins, and preventing of apoptosis under stressed and non-stressed conditions. 4, 5 Elevated Hsp70 levels are associated with poor prognosis in a variety of tumor entities including osteosarcomas, 6, 7 squamous cell carcinoma of the lung, 8 lower rectal cancer and hematological diseases. 9, 10 Furthermore, tumor in contrast to normal cells, have also been shown to present Hsp70 on their cell surface. 11, 12 Membrane localization of Hsp70 on tumor cells is most likely due to a tumor-specific lipid composition that enables anchorage of Hsp70 in the plasma membrane. 13 Depending on its subcellular localization, Hsp70 can fulfill different tasks; on the one hand, it mediates resistance of tumor cells to RCT, 14 on the other hand, it serves as a recognition structure for a subtype of natural killer (NK) cells that is able to kill highly aggressive, membrane Hsp70-positive tumor cells. 11, 15 Based on these results, a protocol has been established to activate this NK cell subpopulation by incubating peripheral blood lymphocytes ex vivo with either full length Hsp70 protein, or a peptide derived thereof in combination with low dose IL-2. 16, 17 The immune phenotype of Hsp70 peptide plus IL-2 activated NK cells has been determined as CD3 2 CD56 bright CD94 bright . 18 Although CD56 bright NK cells are described to secrete pro-inflammatory cytokines rather than exerting cytotoxicity, these NK cells are able to efficiently eliminate Hsp70 membrane-positive tumor cells. 18 Safety and tolerability of these ex vivo stimulated, autologous NK cells have been demonstrated in a phase I clinical trial. 19 Presently a proof-of-concept phase II randomized clinical trial is ongoing to study the efficacy of ex vivo Hsp70-stimulated NK cells in patients with squamous NSCLC in stage IIIA/B after RCT. 8, 20 In our study, which is part of the DKTK-ROG initiative, which aims to identify and validate biomarkers for outcome of RCT in SCCHN, [21] [22] [23] [24] [25] [26] we aim to study the role of Hsp70 and tumor-infiltrating NK cells as prognostic tumor biomarkers. Every year approximately 500,000 new cases are diagnosed worldwide with SCCHN with 4.8% of total cancer incidence and 4.6% cancer mortality. 27 Apart from tobacco and alcohol, which are considered as main risk factors for the development of head and neck cancer, infection with human papilloma virus (HPV) has been determined as causally connected to oropharyngeal cancer. 28 Due to increasing numbers of HPV infections the incidence for SCCHN is rising especially in younger individuals. 29 Patients with locally advanced SCCHN have a 5 year survival rate of 40-60%. 27 Given the progress in medicine over the last decades these mortality rates are still not satisfying. Consequently, reliable biomarkers, which are able to predict outcome of therapy at an early time point are urgently needed to stratify patients with respect to prognosis and to guide adaptations for the treatment.
What's new?
It's difficult to predict how a patient with squamous-cell carcinoma of the head and neck (SCCHN) will respond to treatment, because every tumor is different. In this study, the authors identified two pre-treatment measures that were associated with poor prognosis following surgery and RCT: high levels of staining for a protein called Hsp70 in tumor cells, and low numbers of tumor-infiltrating NK lymphocytes. These measures may thus serve as useful prognostic biomarkers for predicting the response of SCCHN to therapy.
An early event in SCCHN carcinogenesis is related to somatic mutations of the protein p16 (chromosome 9p21) that exerts tumor suppressor function by binding to the cyclin D1 CDK4/CDK6 complex, which results in a G1 arrest. 30 Silencing of p16 by homozygous deletion, methylation of the promoter and base pair mutations are associated with a more rapid tumor growth. 31 However, with respect to SCCHN the role of p16, as a prognostic marker for outcome of RCT, remains a matter of debate. 32 Between 40% and 70% of SCCHN contain mutations in the tumor suppressor gene p53. 33 An accumulation of p53, which can be induced not only by mutations, but also by other mechanisms, results in invasive tumor growth and radioresistance. 34 Although HPV infection is a risk factor for the development of SCCHN, HPV16 DNA-positive patients show a better clinical outcome compared to their HPV16 DNA-free counterparts. 35 Part of this effect has been attributed to an HPV16-induced activation of the immune system. In line with this finding, infiltration of tumors with CD8 1 cytotoxic T lymphocytes has been found to be associated with an HPV16 DNA-positive status and a favorable tumor prognosis. 25 In addition, higher numbers of CD56 1 tumorinfiltrating NK cells are associated with better prognosis in oropharyngeal squamous cell carcinoma. 36 In our study, we aimed to assess the role of Hsp70 either alone or in relationship with HPV16 DNA, p16 and p53 status, and the infiltration of tumors with CD56
1 NK cells, as prognostic markers in patients with SCCHN after surgery and RCT.
Patients and Methods

SCCHN patients
Between 2004 and 2012, patients with histologically confirmed SCCHN of the oro-, hypopharynx and oral cavity were recruited into the study. Patient characteristics are summarized in Table 1 . Apart from pN stage (p 5 0.020), none of the other clinical parameters summarized in Table 1 show any significant correlation with the Hsp70 status. All patients were treated with radical surgery and postoperative cisplatinbased RCT. The tumor bed and regional lymph nodes have been irradiated with a median dose of 50.4 Gy and a boost up to a total dose of 66 Gy to the former tumor area. Assessment of clinical responses and treatment planning were performed by CT, MRI or PET/CT scans. The follow-up period was at least 24 months.
Formalin-fixed, paraffin-embedded (FFPE) sections were obtained from surgical specimen of the tumor from the oro-, hypopharynx or oral cavity. The oral cavity includes the subsites tongue, floor of mouth, palate and gingival/buccal regions and the oropharynx includes base of the tongue and tonsils. Since this was a multicentre study, the patients were encoded only for the three main anatomic sites oral cavity, oropharynx and hypopharynx. All specimens were centrally acquired together with clinical data, radiotherapy plans, diagnostic images in the DKTK RadPlanBio Platform at the partner site Dresden. A total of 145 patient tumors in UICC stage IVa,b were analyzed for their expression intensity of Hsp70, and the presence of infiltrating CD56
1 NK cells was analyzed in 114 tumor sections (intraepithelial, stroma, tumor border) by immunohistochemistry (IHC). The total number of patients in the original study was 221, 26 however, serial FFPE sections for Hsp70 staining and NK cell infiltration were available only from 5 (Dresden, Essen, Frankfurt, Munich, T€ ubingen) DKTK partner sites ( Table 1 ). The multicentre trial was approved by the ethical committees of all 8 DKTK partner sites.
IHC staining and scoring of Hsp70 intensity in tumor sections
Briefly, serial FFPE sections (4 mm) of SCCHN tumor patients (N 5 145) were prepared and heated by microwaving for 30 min in target retrieval buffer (DAKO, Wientheid, Germany, cat# S1699) to unmask antibody epitopes. Non-specific binding was blocked by incubation in protein blocking solution (5% v/v rabbit serum/antibody diluent (REAL antibody diluent, DAKO cat# S2022) for 60 min. Sections were washed in PBS (Sigma-Aldrich, St Louis, USA) after each step. After an overnight incubation at 48C with the mouse monoclonal antibody cmHsp70.1 (multimmune GmbH, Munich, Germany; dilution 1:500 in PBS/1% BSA) and another washing step, sections were incubated with Envision 1 System HRP-labelled anti-mouse polymer (DAKO cat# K4001), followed by a 3,3-diaminobenzidine (DAB 1 ) chromogen (DAKO cat# K3468) reaction, which was restricted to exactly 4 min for all staining procedures. Nuclei were counterstained with hematoxylin and eosin (H&E). Then sections were embedded in Eukitt (Sigma cat# 03989) mounting medium. Appropriate quality control and quality assurance procedures were implemented including positive (FaDu) and negative (surrounding tissue) controls run with each assay.
According to the staining intensities tumor sections were scored into the following categories: very weak (score 0), weak (score 1), intermediate (score 2), strong (score 3) and very strong (score 4). Since all nucleated cells contain Hsp70, a very weak staining pattern (score 0) was also observed in surrounding normal tissues. IHC scoring for Hsp70 intensity was performed by three independent, trained evaluators (SS, GM, NT). All scores were blinded to the outcome status for each tumor specimen. At least 5 non-overlapping representative tumor fields were evaluated for each section.
IHC staining and scoring of the number of tumorinfiltrating CD56
1 NK cells
For the detection of tumor-infiltrating CD56 1 NK cells the mouse monoclonal antibody directed against all isoforms of CD56 (NCAM, clone 1B6 Novocastra, Newcastle upon Tyne, UK) was used. After antigen retrieval, as described above, staining was performed using standardized DAKO Envision FLEX Peroxidase Blocking reagent (DAKO cat# K800) and the antibody directed against CD56 for 120 min at room temperature. After washing, sections (N 5 114) were incubated with Envision 1 System HRP-labelled anti-mouse polymer (DAKO cat# K4001), followed by a DAB 1 chromogen (DAKO cat# K3468) reaction. H&E staining was performed for a visual distinction of the tumor and its microenvironment. All sections were embedded in Eukitt (Sigma cat# 03989) mounting medium.
The number of infiltrating CD56 1 NK cells was determined by counting of at least five different compartments of the tumor and its microenvironment within an area of at least 0.1 mm 2 per slide. The counting of the NK cells was performed at a magnification of 3400. The NK cell counts were determined blinded by three-independent researchers (SS, GM, NT).
The total numbers within one area of interest ranged from 0 to 2,000 NK cells within the tumor and its microenvironment. The median number of infiltrating NK cells in an individual area was calculated. The cut-off point of 50 NK cells was chosen based on visual inspection of all sections. In sections with <50 events the localization of infiltrating NK cells was disperse, whereas sections with >50 events showed a more dense localization of NK cells.
HPV16, p16, p53 analysis
The analysis of the HPV16 status as well as the p16 and p53 staining was performed centrally at the DKTK partner site Dresden. The HPV analysis and genotyping were performed by using the LCD-Assay HPV-array HPV 3.5 Kit (Chiron GmbH) after extraction of the genomic DNA, as described previously. 28 IHC staining for p16 was performed with the CINtec Immunohistology Kit (Roche). A p16-positive phenotype was defined if at least 70% of the sample was stained positively as determined by two-independent researchers. 28 
Statistics
Distributions of categorical variables within the groups of patients with low and high Hsp70 scores are described by 
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absolute and relative frequencies. For comparisons of these distributions chi-squared tests were performed. For patients' age at diagnosis means and standard deviations are given.
Comparisons of the mean were conducted using a twosample t-test. Overall survival (OS), distant metastases-free survival (DMFS) and local progression-free survival (LPFS) were calculated from the start of RCT to the day of death. KaplanMeier curves are presented for relevant outcomes and groups. Log Rank tests were performed to compare distributions of event times between patients with low and high Hsp70 scores. In addition, univariate Cox regression models were used to determine hazard ratios (HRs) and 95% confidence intervals (CIs). To assess the additional prognostic value of Hsp70 to other prognostic factors, 37 multivariable Cox regression models including Hsp70 and relevant prognostic factors were fit to the data for overall survival (OS), local progression-free survival (LPFS) and distant metastases-free survival (DMFS). Median follow-up time was determined using the reverse Kaplan-Meier method for potential followup. 38 All statistical tests were performed two-sided on a significance level of a 5 5%. Analyses were performed with statistical software R version 3.3. 
Results
Hsp70 staining intensities in FFPE sections of SCCHN
An incubation of SCCHN tumor sections and the surrounding tissue with cmHsp70.1 monoclonal antibody (mAb) revealed significant differences in the staining intensity. The surrounding epithelial tissue in close proximity to the tumor (Fig. 1b) always showed a very weak staining intensity (score 0), which is comparable to that of normal head and neck 
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epithelial tissue (Fig. 1a) . Representative Fig. 1d ), strong (score 3; Fig. 1e ) and very strong (score 4; Fig. 1f ) staining intensity. As an internal reference FFPE sections of xenograft FaDu tumors were co-stained with each staining procedure (Fig.  1g) . The percentage of tumor sections with a specific staining scores (0-4) are summarized in Figure 1h .
Correlation of the Hsp70 staining intensity with OS, LPFS and DMFS
To determine the prognostic value of the Hsp70 expression in relation to OS different Hsp70 staining scores ranging from very weak (0) to very strong (4) have been compared. As summarized in Figure 2a , increasing Hsp70 scores are associated with an increased mortality. Regarding a dichotomous variable, SCCHN with high Hsp70 staining intensities (scores 3-4, black line) exhibited a significantly lower overall survival (OS; HR 5 2.26, p 5 0.008; Fig. 2b, Table 2 ), local progression-free survival (LPFS; HR 5 1.84, p 5 0.034; Table  3 ) and distant metastases-free (DMFS; HR 5 1.76, p 5 0.044; Fig. 2c , Table 4 ) than patients with low Hsp70 tumor staining intensity (scores 0-2, gray line). Patients at risk at the different time-points after start of therapy are shown below each graph. Multivariate analyses of Hsp70 staining intensities after adjustment for other relevant prognostic parameters with OS (Table 2) , LPFS (Table 3) and DMFS (Table 4) revealed similar significant results.
In a subgroup analysis, the staining intensity of Hsp70 within the tumor was also assessed in combination with the p16, p53 and HPV16 status. Patients with p16-negative (N 5 90; p 5 0.001) and p53-negative (N 5 59; p 5 0.003) tumors presented a significantly better clinical outcome with respect to OS when the Hsp70 tumor staining intensity was low (scores 0-2, gray line) compared to those with a high (scores 3-4, black line) Hsp70 tumor staining intensity (Figs.  3a and 3b) . With respect to HPV16, virus DNA-free patients with a low Hsp70 staining intensity (scores 0-2, gray line) also showed a significantly improved overall survival (N 5 92; p 5 0.001) compared to those patients with a high tumor staining intensity (scores 3-4, black line; Fig. 3c) .
In summary, a strong Hsp70 staining intensity of the tumor could be identified as an independent negative prognostic factor for OS, freedom of metastases and locoregional control in patients with SCCHN. The negative prognostic value of a strong Hsp70 expression was also observed in patient cohorts with a p16-, p53-, HPV16 DNA-negative tumors that are known to have an adverse prognosis.
Infiltration of CD56
1 NK cells in FFPE sections of SCCHN Since membrane Hsp70 serves as a target for activated NK cells, 17 showing a high expression density of the NK marker shown in Figure 4b and Table 6 . As illustrated in Figure 4c and Table 7 
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Low numbers of tumor-infiltrating CD56
1 NK cells also correlate with a significantly shorter DMFS, as shown in Figure 4f . The combination of a high Hsp70 expression (scores 3-4) and a low NK cell infiltration shows better negative prognostic value (p 5 0.0004; Fig. 4f , right graph) than a low Hsp70 expression (scores 0-2) and a low NK cell infiltration (p 5 0.014; Fig. 4f , left graph) although both values were statistical significant.
Univariate and multivariate analysis of tumor-infiltrating CD56
1 NK cells in combination with OS (Table 5) , LPFS (Table 6 ) and DMFS (Table 7) revealed that both markers Hsp70 and NK cells have prognostic value. Analysis of the prognostic value of the CD56/Hsp70 marker combination in patients with differential HPV16 status revealed that a high NK cell infiltration positively correlated with an improved OS in HPV16 DNA-negative (N 5 92, p 5 0.004; Fig. 5a ), but not in HPV16 DNA-positive (N 5 53; Fig. 5b ) patient cohort, irrespective of the Hsp70 status. The lack of statistical significance in the HPV16 DNA-positive patient cohort might be explained by the low number of patients per subgroup.
Discussion
The search for tumor-specific biomarkers that are frequently overexpressed in malignantly transformed cells resulted in the identification of the highly conserved, major stressinducible Hsp70. 41 Apart from elevated cytosolic expression levels and in contrast to normal cells, tumor cells frequently present Hsp70 on their cell surface. 11, 12, 42 It is well accepted that high cytosolic 43 and membrane 14 expression levels of Hsp70 are associated with resistance to therapy and thus might increase tumorigenesis. Previous work has indicated that Hsp70 is also expressed on the membrane of SCCHN. 44 In our study, we addressed the question of the role of cytosolic Hsp70 as a prognostic tumor marker in patients with SCCHN after surgery and postoperative radiotherapy.
To directly compare the Hsp70 staining intensity in different tumors, FFPE sections with identical thickness (4 mm) have to be stained using the exact same staining protocol together with an internal reference. A comparison of the Hsp70 expression in all SCCHN sections following this procedure revealed major differences in the Hsp70 staining intensity ranging from very weak to very strong. Our data suggest that an accumulation of Hsp70 within the tumor tissue positively correlates with a decreased OS, PFS and DMFS after surgery and RCT. Therefore, a high Hsp70 expression serves as a negative prognostic marker for patients with SCCHN. This negative prognostic value of Hsp70 is in line with reports demonstrating anti-apoptotic and protumorigenic activities for Hsp70. 43, 45 Every nucleated cell type expresses Hsp70 at low levels in the cytosol, but nearly all tumor types show a significantly enhanced Hsp70 expression. Therefore, normal tissues as well as the tumor microenvironment cannot be expected to be completely negative for Hsp70.
A comparison of membrane-bound and cytosolic Hsp70 levels in tumor cells revealed that approximately 70-90% of the total Hsp70 is residing in the cytosol. 41 Together with the finding that cmHsp70.1 mAb 42 detects both, membranebound and cytosolic Hsp70, it is not possible to distinguish both localizations in FFPE sections.
A number of studies indicated that a HPV16 DNApositive status is associated with favorable outcome, 46 although HPV16 has been determined as a co-founding factor that can initiate SCCHN. This finding might be related to the immunostimulatory activity of the virus to induce antitumor-specific immune responses. However, a positive correlation of HPV16 has also been found between CTLA-4 expression, Treg infiltration and HPV16 DNA positivity, which might exert immunosuppressive effects. 47 Therefore, in combination with RCT blocking of immune checkpoint inhibitors might be beneficial to overcome immunosuppression in SCCHN. Apart from an involvement of the immune system additional factors such as smaller tumor size, lower amount of CD44 1 /CD98 1 tumor stem cells, 48 higher sensitivity to RCT, 26 less tumor hypoxia, (E6)-induced inhibition of p53, 49, 50 younger patient age and less toxin (tobacco, alcohol) intake are also involved in a favorable outcome. 26, 36 We also could demonstrate that in patients with HPV16 DNA-free tumors the Hsp70 staining intensity still could separate two subgroups with respect to outcome. Patients with HPV16-negative tumors and low Hsp70 staining intensity (scores 0-2) showed a significantly improved OS compared to those with a high Hsp70 staining intensity (scores 3-4).
With respect to the p16 and p53 status, [30] [31] [32] patients with p16-(N 5 90) and p53-negative SCCHN tumors presented a significantly worse clinical outcome when the Hsp70 tumor staining intensity was high. Therefore, we assume that Hsp70 in addition to p16 and p53 might provide additional prognostic value.
Depending on the subcellular, membrane-bound and extracellular localization Hsp70 mediates different functions.
However, it is worth mentioning that the membrane status of Hsp70 cannot be determined by IHC, since most tumor cells show a very strong Hsp70 cytosolic staining 41 that does not allow to detect the faint membrane staining pattern in FFPE sections. Despite these limitations, we addressed the question whether a strong cytosolic Hsp70 expression might affect infiltration of CD56 1 NK cells into the tumor tissue and whether a strong infiltration of NK cells might also be associated with favorable clinical outcome, as previously shown for CD8 1 cytotoxic lymphocytes. 25 A correlation of OS with high numbers of infiltrating NK cells supports the hypothesis that apart from the adaptive also the innate immune system plays an important role in the outcome of surgery and RCT in SCCHN. 44 Indeed, patients with high numbers of tumor-infiltrating CD56 1 NK cells show superior OS. 36 However, overall life expectancy is significantly lower in the group of patients bearing tumors with high cytosolic Hsp70 levels. This might be explained by high intracellular Hsp70 levels that impair NK cell and RCTmediated tumor cell apoptosis by inhibiting lysosomal permeabilization. 45 The anti-apoptotic effect of intracellular Hsp70 might overrule beneficial effects mediated by tumorinfiltrating NK cells. A high number of tumor-infiltrating NK cells results not only in an improved OS but also in DMFS. This finding might be due to the fact that the Hsp70 membrane density is often stronger on metastases compared to primary tumors, 51 and thus might serve as a target for the cytolytic attack by NK cells. In contrast to intracellular Hsp70, membranebound and extracellular residing Hsp70 have been found to stimulate anti-tumor immunity. 52 Since normal cells do not present Hsp70 on their cell surface, membrane-bound Hsp70 can serve as a tumor-selective target for Hsp70 peptideactivated NK cells. 16, 17 Extracellular Hsp70 released by viable tumor cells 53 that chaperones tumor-derived peptides might be able to stimulate the cytolytic activity of CD8 1 T lymphocytes. A previous study of our group revealed that a high membrane expression of Hsp70 on primary tumor cells correlated with high soluble Hsp70 levels in patients with SSCHN. 54 These data are in line with the finding that high cytosolic Hsp70 levels are associated with a high membrane Hsp70 expression and high soluble Hsp70 levels in primary glioblastoma. 55 In an ongoing prospective study extracellular, membrane-bound and cytosolic Hsp70 levels will be assessed in SCCHN patients by using the lipHsp70 ELISA, 53 flow cytometry and IHC together with the immunophenotype of peripheral blood lymphocytes. Our study will allow a better understanding of the role of Hsp70 as a diagnostic marker and its interaction with the immune system.
